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Abstract

The crystal structure of Mo(COXPhC=CPh), formed in the reaction of Mo(CO), with diphenylacetylene was determined by the
single-crystal X—ray diffraction method. The crystals are orthorhombic, of space group Pbca, a = 19.082(5) A b =22.068(5) A
¢ = 31.645(10) A, V' =1325.8(6) A’ and Z = 16. The structure solved by direct methods has been refined to R = 0.036 for 3919
observed reflections. There are two crystallographically independent molecules in the asymmetric unit. The nuclear magnetic
resonance as well as the IR and electronic absorption spectroscopies have been used to scrutinize the title compound.
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1. Introduction

The Group 6 metal carbonyls are applied as catalyst
precursors in many reactions of acetylenes such as
metathesis [1], polymerization [2] or cyclotrimerization
[3]. Depending upon conditions, the reaction of metal
carbonyls with acetylene groups could give different
products in which the acetylenes coordinate to metal as
the terminal [4] or bridging ligands and also as the
ligands being the products of cyclodimerization or
trimerization [5].

In continuation of our research of catalytic activity
of the Group 6 metal carbonyls [6], we have investi-
gated the reaction of Mo(CO)4 with acetylenes in the
presence of phenol. Qur aim was to characterize the
compounds formed in the catalytically active system for
acetylene metathesis.

One of the products formed in reaction of Mo(CO),
with diphenylacetylene (studied by the single-crystal
X-ray analysis) consists of the binuclear molybdenum
units bonded to three terminal carbonyl groups and of
one diphenylacetylene, one tetraphenylcyclobutadiene
and one tetraphenylcyclobutadienone [4].
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The tris(diphenylacetylene)molybdenum monocar-
bonyl was synthesized many years ago by Strohmeir
and Hobe [7] in the reaction of Mo(CO), with dipheny-
lacetylene, but its crystal structure has never been
determined. We felt it was valid to study the structure
of the Mo(COXPhC=CPh), obtained by us as the first
example of mononuclear molybdenum(0) carbonyl
alkyne complex.

2. Experimental details

2.1. Preparation

Mo(COXPhC=CPh); can be prepared by photo-
chemical or thermal reaction of Mo(CO), with
PhC=CPh. The reaction was carried out in heptane
solution in the presence of tenfold phenol excess and
under a nitrogen atmosphere. Mo(CO), (0.5 g, 1.89
mmol), PhC=CPh (1.01 g, 5.67 mmol) and phenol (1.78
g, 18.9 mmol) in heptane (100 cm?®) were refluxed or
irradiated with a mercury lamp at room temperature
for about 2 h. After filtration of the brown precipitate
the reaction mixture was evaporated to dryness under
reduced pressure. Unreacted Mo(CO), and phenol
were removed by sublimation. The residue was washed
with methanol. Recrystallization from toluene—heptane
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yielded pure yellow crystals which are stable in air
(melting point, 145-144°C (decomposition)).

2.2. Spectroscopic studies

The 'H and *C NMR spectra were recorded on a
Brucker AMX 300 MHz spectrometer in CDCl; solu-
tion.

'H NMR: & 7.47, 7.43, 7.28 ppm ortho, meta and
para protons of phenyl respectively. °C NMR: § 224.3
(CO); 190.0, 170.4 (C=C); 140.1; 138.4 (Cl_ph); 129.0
(C,_pn); 128.5(C,,_,); 1279 (C,_;) ppm.

Fig. 1. Perspective view of the Mo(COXPhC=CPh); showing the
atom-numbering scheme for two crystallographically independent
molecules A and B, determined in the asymmetric unit. Hydrogen
atoms have been omitted for clarity.

TABLE 1. Crystal data and details of refinement

Chemical formula C43H3OMo
Molecular weight 658.7
Space group Pbca
Cell constants
a(A) 19.082(5)
b(A) 22.068(5)
¢ (A) 31.645(10)
V(A% 13325.8(6.3)
VA 16
F(000) 5408
D,, (Mg m~3) (C4H,;C1-CHCl,) 1.32(1)
D, (Mgm™?3) 1.313(1)

Radiation Mo Ka (A = 0.71069 A)
ulem™D 4.23
Crystal size (mm X mm X mm) 0.6x0.6x0.3
Reflections determining the lattice 25
20 range (°) 22<20<26
26 maximum (°) 46
Number of reflections
Collected 8784
Observed (I > 3.00(1)) 3919
Number of variables 811
R 0.036
R, 0.029
S 1.754
w 1/0 2(Fo)
4 /o (for non-H atoms) 0.01
Ap 0.32

The IR spectra were obtained on a Specord M80
spectrometer in KBr pellets and heptane solution.

IR (KBr): »(C=0) 2060 and 2048 vs, »(C=C) 1680wbr
cm ™! and others in Fig. 3. IR (heptane): v(C=0) 2055vs
cm™ L,

Electronic spectra were measured on a Hewlett—
Packard 8452A spectrophotometer in C¢H solution.

Amax: 218 (log € =3.07), 292 (log € =3.85), 332
(log € = 3.84), 374 (log € = 3.33) nm.

Fig. 2. Geometry of the capped trigonal prismatic coordination
polyhedron for the Mo(COXPhC=CPh); together with the alternative
distorted tetrahedron ( ).
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TABLE 2. Final atomic coordinates and equivalent isotropic thermal
parameters with estimated standard deviations in parentheses

Atom  x y z B, A%)
Mo(1) 0.2049(2) 0.2376(2) 0.0075(1) 3.8(2)
Mo(2) 0.0906(2) 0.0003(2) 0.2708(1) 3.3(2)
oQ1) 0.2594(2) 0.3742(2) 0.0034(2) 7.4(3)
o2) 0.045%(2) —0.1380(2) 0.2729(1) 7.3(3)
) 0.2381(3) 0.3275(2) 0.0046(2) 4.6(3)
c(1A) 0.2646(2) 0.2296(3) —0.0478(1) 3.73)
CQA) 0.2458(3) 0.1749(2) —0.0339%(2) 3.6(3)
C(3A) 0.2549(2) 0.2390(3) 0.0660(1) 3.7(3)
C(4A) 0.2257(3) 0.1856(2) 0.0606(2) 3.7(3)
C(5A) 0.1036(2) 0.2694(2) —0.0032(1) 3.6(3)
C(6A) 0.0998(3) 0.2115(2) 0.0047(2) 3.93)
c(11) 0.3043(3) 0.2590(2) —0.0811(1) 3.8(3)
(12) 0.3648(3) 0.2323(3) —0.0953(2) 5.3(3)
C(13) 0.4038(3) 0.2567(3) —0.1272(2) 6.9(4)
c(14) 0.3836(4) 0.3080(3) —0.1457(2) 7.95)
C(15) 0.32334) 0.3375(3) —0.1327(2) 6.6(4)
C(16) 0.2828(3) 0.3122(2) —0.0994(2) 513
Cc@n 0.2591(3) 0.1133(2) —0.0480(2) 3.5(3)
a222) 0.2697(3) 0.0987(2) —0.0892(2) 5.3(4)
a23) 0.2846(3) 0.0413(3) -0.1031(2) 6.0(4)
C(24) 0.2903(4) —0.0039(3) -0.0745(2) 8.4(4)
C(25) 0.2831(5) 0.0093(3) —0.0336(2) 10.4(5)
(26) 0.2655(4) 0.0673(3) —0.0205(2) 8.4(5)
Cc(31) 0.2950(3) 0.2771(2) 0.0959(1) 3.403)
C(32) 0.2766(3) 0.2789%(2) 0.1384(2) 5.14)
C(33) 0.3141(3) 0.3139(3) 0.1662(2) 6.0(4)
C(34) 0.3699(3) 0.3477(3) 0.1525(2) 6.4(4)
C(35) 0.3891(3) 0.3456(3) 0.1106(2) 6.3(4)
C(36) 0.3523(3) 0.3105(3) 0.0826(2) 5.1(4)
Cc@41) 0.2221(3) 0.1281(2) 0.0831(2) 3.93)
C(42) 0.1730(3) 0.0848(2) 0.0730(2) 4.9(3)
C(43) 0.1697(3) 0.0309(3) 0.0938(2) 6.14)
Cc(44) 0.2136(4) 0.0184(3) 0.1256(2) 7.95)
C(45) 0.2614(4) 0.0607(3) 0.1379(2) 7.6(5)
C(46) 0.2657(3) 0.1149(3) 0.1165(2) 5.94)
1) 0.0541(3) " 0.3187(2) -0.0138(2) 4.2(3)
(52) —0.0163(3) 0.3095(3) —0.0109(2) 5.94)
C(53) -0.0637(3) 0.3555(3) —0.0204(2) 7.4(5)
C(54) -0.0391(3) 0.4110(3) —0.0328(2) 7.0(4)
C(55) 0.0311(3) 0.4203(3) —0.0365(2) 7.75)
C(56) 0.0767(3) 0.3742(3) —0.0262(2) 6.0(4)
C(61) 0.0478(3) 0.1645(2) 0.0067(2) 3.7
a62) 0.0456(3) 0.1185(3) —0.0224(2) 5.9(4)
C(63) —0.0065(4) 0.0759%(3) —0.0224(2) 7.4(5)
C(64) —0.0575(3) 0.0794(3) 0.0063(2) 7.0(4)
Q(65) —0.0561(3) 0.1220(3) 0.0379%(2) 6.4(4)
C(66) —0.0035(3) 0.1654(3) 0.0368(2) 5.4(4)
a2 0.0619(3) —0.0899(2) 0.2717(2) 4.3(3)
C(1B) 0.0359(2) 0.0132(2) 0.2147(1) 3.3(3)
C(2B) 0.063%2) 0.0651(2) 0.2256(2) 3.103)
C(3B) 0.1915(2) —0.0366(2) 0.2737(1) 3.002)
C(4B) 0.1964(2) 0.0220(2) 0.2694(1) 3.1(3)
C(5B) 0.0323(2) —0.0004(2) 0.3263(1) 3.3(3)
C(6B) 0.0578(3) 0.0536(2) 0.3213(2) 3.3(3)
C(71) -0.0105(3) —0.0135(2) 0.1827(2) 3.5(3)
C(72) —0.0282(49) 0.0198(3) 0.1477(2) 7.5(5)
C(73) -0.07534) —0.0033(4) 0.1188(2) 10.8(6)
C(74) —-0.1053(3) —-0.0572(3) 0.1237(2) 7.8(5)
C(75) —0.0887(4) -0.0901(3) 0.1578(2) 7.3(9)
C(76) —0.0412(3) —0.0679(3) 0.1868(2) 6.1(4)

TABLE 2. (continued)

Atom x y z B, (A?)
Q81 0.0655(2) 0.1273(2) 0.2107(2) 2.9(3)
(82) 0.0900(3) 0.1419(2) 0.1702(2) 41(3)
a(83) 0.0899(3) 0.2018(2) 0.1567(2) 4.8(3)
(84) 0.0653(3) 0.2464(3) 0.1817(2) 5.2(3)
C(85) 0.0405(3) 0.2327(2) 0.2213(2) 4.6(3)
C(86) 0.0416(2) 0.1733(2) 0.235%2) 3.403)
(1) 0.2313(2) —0.0923(2) 0.2731(2) 3.103)
(92) 02884(3)  —0.0996(2)  0.2464(2) 3.83)
c(93) 0.3267(3) —0.1516(2) 0.2465(2) 4.6(3)
(94) 0.3098(3) —0.1983(2) 0.2723(2) 6.0(4)
(95) 0.2539(3) —-0.1931(2) 0.2983(2) 5.2(3)
(96) 0.2140(3) —0.1406(2) 0.2991(2) 4.4(3)
C(101) 0.2503(2) 0.0668(2) 0.2624(1) 2.8(3)
(102) 0.2327(3) 0.1253(2) 0.2490(2) 3.83)
C(103) 0.2839(3) 0.1674(2) 0.2377(2) 4.3(3)
C(104) 0.3536(3) 0.1517(2) 0.2404(2) 5.03)
(105) 0.3706(3) 0.0960(2)  0.2561(2) 5.6(4)
(106) 0.3202(3) 0.0534(2) 0.2665(2) 4.6(3)
1) —0.0125(3) —0.0394(2) 0.3538(2) 3.3(3)
(112) 0.0119(3) —0.0666(4) 0.3880(2) 8.8(5)
C(113) —0.0312(4) —0.1038(4) 0.4113(2) 12.2(7)
c114) —0.0985(4) -0.1122(3) 0.4027(2) 7.8(5)
Cc(115) -0.1221(3) —-0.0862(4) 0.3682(2) 9.1(5)
C(116) —0.0788(3) —0.0495(3) 0.3447(2) 8.5(5)
C(121) 0.0534(3) 0.1138(2) 0.3400(2) 3.23)
(122) 0.1111(3) 0.1506(2) 0.3423(2) 4.5(3)
(123) 0.1048(3) 0.2078(2) 0.3597(2) 5.4(4)
C(1249) 0.0413(3) 0.2290(3) 0.3732(2) 6.3(4)
a(125) —-0.0156(3) 0.1923(3) 0.3703(2) 6.4(4)
(126) —0.0105(3) 0.1350(2) 0.353%2) 4.6(3)

=1 * ko
B.,=3L;;B;;a;*a;*a; a;

2.3. X-ray analysis

The yellow crystals of dimensions 0.6 mm X 0.6 mm
X 0.3 mm were used for the data collection. The den-
sity was measured by flotation. The space groups and
approximate unit-cell dimensions were determined
from rotation and Weissenberg photographs. The
diffraction data were measured on a KM4 «-axis com-
puter-controlled four-circle diffractometer with
graphite-monochromated Mo Ka radiation. The
diffracted intensities were corrected for Lorentz and
polarization effects, but not for absorption or extinc-
tion. The details of the crystal data intensity measure-
ments are given in Table 1.

The structure was solved by direct methods with the
SHELXS-86 program [8] and refined by the full-matrix
least-squares method, using the SYNTEX XTL /XTLE
structure determination system [9], locally adopted by
Mr. A. Kowalski for calculation on the IBM PC/AT
computer. All non-hydrogen atoms were refined with
anisotropic thermal parameters. A difference Fourier
map clearly afforded the positions of the hydrogen
atoms and their positional parameters were incorpo-
rated into subsequent refinement cycles. Refinement
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TABLE 3. H-atom coordinates and isotropic thermal parameters TABLE 4. Anisotropic thermal parameters with estimated standard
with estimated standard deviations in parentheses deviations in parentheses 2

Atom x y z B, (A2 Atom B, By, By, By, By, By
H(12) 0.381(0) 0.194(0) —0.082(0) 7.5(0) Mo(1) 3.58(2) 3.78(2) 3.98(2) 0.0%2) 0552) 0.19(2)
H(13) 0.448(0) 0.236(0) —0.137(0) 7.5(0) Mo(2) 2.82(2) 292(2) 4.042) 0.05(2) 0282 0.22(2)
H14) 0.412(0) 0.325(0) —0.169(0) 7.5(0) O(1) 6.93(3) 3.68(2) 11.58(3) —1.15(2) —1.573) 1.85(2)
H(15) 0.309(0) 0.376(0) —0.146(0) 7.5(0) O(2) 7.8%(3) 3.23(2) 10.87(3) —1.63(2) 0.073) 0.9%2)
H®16) 0.239(0) 0.332(0) —0.090(0) 7.5(0) (1) 4.113) 4.733) 5.08(3) 083(3) 0.54(3) 0.36(3)
H(22) 0.265(0) 0.132(0) —0.110) 7.5(0) C(1A) 2.48(3) 5.67(3) 3.06(3) 15%2) -0.29Q2) 0.15(2)
H(23) 0.292(0) 0.033(0) —0.13400 7.5 C(2A) 3.12(3) 3.78(3) 3.77(3) —-0.12(2) —0.31(3) 0.54(2)
H(24) 0.300(0) —0.046(0) —0.084(0) 7.5(0) C(3A) 2.72(2) 4.79(3) 3.693) 0813) 0942) 0.86(3)
H(25) 0.290(0) —0.023(0) —0.012(0) 7.5(0) C(4A) 3.03(3) 4.11(3) 4.04(3) —0.28(2) 1.16(2) —0.11(2)
H(26) 0.257(0) 0.074(0) 0.010(0) 7.5(0) C(5A) 3.62(3) 5.023) 227(2) —0.31(2) 0.92(2) 0.58(2)
H(32) 0.236(0) 0.255(0) 0.149(0) 7.5(0) C(6A) 2.72(3) 5.82(3) 3.193) —039(2) 0373) 0.07(2)
H(33) 0.301(0) 0.314(0) 0.1970)  7.5(0) C1)  324(3) 491(3) 3.122) -0.61(3) 072220 0.06(2)
H(@(34) 0.396(0) 0.374(0) 0.173(0) 7.5(0) C(12) 3.87(3) 6.44(4) 5.66(4) —1.38(3) 0.61(3) —1.04(3)
H(35) 0.431(0) 0.369(0) 0.100(0) 7.5(0) C(13)  5.753) 9.54(5) 5.33(3) —215(4) 2.30(3) —0.57(4)
H(36) 0.366(0) 0.309(0) 0.052(0) 7.5(0) C(14) 9.03(5) 9.57(5) 5.05(4) —4.21(4) 2.12(4) 1.15(4)
H(42) 0.139(0) 0.093(0) 0.050(0) 7.5(0) C(15) 8.29(5) 5.92(4) 5.73(4) -1.614) —1.15(3) 1.23(3)
H®43) 0.135(0) —0.000(0) 0.085(0) 7.5(0) C(16) 6.694) 4.56(3) 3.94(3) —1.56(3) 0.50(3) 1.84(2)
H(44) 0.2100) —0.021(0) 0.141(0) 7.5(0) C(21) 3.003) 3.18(3) 4.31(3) —-034(2) 08422 0302
H(45) 0.294(0) 0.052(0) 0.162(0) 7.5(0) C(22) 6.88(4) 3.393) 5.56(4) 0.043) —-0.38(3) —0.03(3)
H(46) 0.301(0) 0.146(0) 0.125(0) 7.5(0) C(23) 6.25(4) 496(4) 6.73(4) 0973) 0.47(4) —1.31(3)
H(52) —0.034(0) 0.269(0) —0.001(0) 7.5(0) C(24) 10.18(5) 3.58(3) 11.42(5) 2.045) 1.534) -2574)
H(53) —0.115(0) 0.348(0) —0.018(0) 7.5(0) C(25) 19.52(8) 3.89(4) 7.85(4) 3.21(5) 4.00(5 0.373)
HG4) —0.072(0) 0.444(0) —0.03%0) 7.5(0) C(26) 14.39(7) 5.5%4) 5.38(4) 0.01(4) 3.60(4) -0.31(3)
H(55) 0.049(0) 0.460(0) —0.046(0) 7.5(0) C(31) 3.613) 2903) 3.823) 0.14(2) 0.083) 0.752)
H(56) 0.128(0) 0.382(0) —0.028(0) 7.5(0) C(32) 5.11(4) 5.28(4) 4.98(3) —-0.81(3) 0.103) —0.16(3)
H(62) 0.084(0) 0.116(0) —0.044(0) 7.5(0) C(33) 6.62(4) 7.08(4) 4.293) —0.844) 0.14(3) -0.8%3)
H(63) —0.006(0) 0.043(0) —0.044(0) 7.5(0) C(34) 7.03(4) 450(4) 7.74(5) —1.45(3) —2.60(4) —0.66(3)
H(64) —0.097(0) 0.050(0) 0.004(0) 7.5(0) C(35) 5.60(4) 6.11(4) 7.28(4) -1.94(3) —0.11(3) 0.99(3)
H(65) —0.092(0) 0.122(0) 0.061(0) 7.5(0) C(36) 437(3) 6.13(4) 4.84(3) —0.64(3) —0.493) 0.84(3)
H(66) —0.003(0) 0.198(0) 0.058(0) 7.5(0) C(41) 3.76(3) 3.86(3) 4.01(3) 0.17(3) 0.08(2) 0.342)
H(72) —0.008(0) 0.061(0) 0.144(0) 7.5(0) C42) 5794 4.62(3) 4.40(3) —0.093) 0373) 0.92(3)
H(73) —0.085(0) 0.021(0) 0.093(0) 7.5(0) C@43) 7.16(4) 527(4) 5794 —1.55(3) -0.50(3) 1.18(3)
H(74) —0.140(0) —0.072(0) 0.103(0) 7.5(0) C(44)  9.34(5) 4.35(4) 9.895) —0.21(4) —0.83(5) 3.02(3)
H(75) —0.111(0) —0.131(0) 0.162(0) 7.5(0) C(45) 8.92(5) 5.51(4) 8.36(5) 0.09(4) —3.24(4) 2.97(3)
H(76) —0.029(0) —0.094(0) 0.212(0) 7.5(0) C(46) 5.18(4) 4.48(3) 8.19(4) —0.57(3) —2.0%3) 1.62(3)
H(82) 0.107(0) 0.109(0) 0.151(0) 7.5(0) C(51) 4.60(3) 4.42(3) 3.743) 03130 0.08(3) —0.20(3)
H(83) 0.108(0) 0.212(0) 0.128(0) 7.5(0) C(52) 4.50(3) 5.14(4) 823(5) 0.86(3) —1.8%3) 0.18(3)
H(84) 0.066(0) 0.289%(0) 0.172(0)  7.5(0) C(53) 5.06(4) 834(5 B869(5) 145(4) —0524)  0.60(4)
H(85) 0.021(0) 0.265(0) 0.240(0) 7.5(0) C(54) 6.17(4) 6.47(4) 8.44(5) 1.99%4) -0.774) 0.58(4)
H(86) 0.025(0) 0.164(0) 0.265(0) 7.5(0) C(55) 5.99(4) 4.78(4) 12.41(6) 0.78(4) 046(4) 2.95(4)
H(92) 0.302(0) —0.066(0) 0.227(0) 7.5(0) C(56) 5.04(4) 4.733) 8.32(4) 0.97(3) —-0.643) 1213
H(93) 0.368(0) —0.155(0) 0.227(0) 7.5(0) C(61) 3303 3.71(3) 4.023) 041(2) —-0.023) 0.28(2)
H(94) 0.338(0) —0.236(0) 0.272(0) 7.5(0) C(62) 6.31(4) 6.104) 5.194) -0.353) 093(3) 0.50(3)
H(95) 0.241(0) -0.228(0) 0.3170) 7.5(0) C63) 8.78(5) 5.584) 7.77(5) —-2.194) —0.24(4) -1.51(3)
H(96) 0.173(0) —0.137(0) 0.319(0) 7.5(0) C64) 4.713) 6.70(4) 9.67(5) —1.41(3) —1.51(4) 2.17(4)
H(102) 0.182(0) 0.137(0) 0.248(0) 7.5(0) C(65) 5.46(4) 537(4) 8305 0.003) 3. 18(4) 1.233)
H(103) 0.270(0) 0.209(0) 0.228(0) 7.5(0) C(66) 5.46(4) 4.91(4) 5.73(4) —-0.82(3) 1.62(3) —0.64(3)
H(104) 0.391(0) 0.180(0) 0.231(0) 7.5(0) C(2)  3.86(3) 3.53(3) 5.38(3) —0.082) —0.153) 0.42(3)
H(105) 0.421(0) 0.085(0) 0.260(0) 7.5(0) C(1B) 1.84(2) 4.83(3) 3.383) 1.82(2) 057(2) —-0.072)
H(106) 0.335(0) 0.012(0) 0.277(0) 7.5(0) C(2B) 2.06(2) 3.393) 3.90(3) —0.222) 0.052) 0.35Q2)
H112) 0.062(0) —0.060(0) 0.397(0) 7.5(0) C(3B) 3.12(3) 3.28(3) 2.62(2) 0.58(2) 0.142) 0.42(2)
H(113) —-0.010(0) —-0.125(0) 0.436(0) 7.5(0) C4B) 2.65(2) 3.90(3) 2.89(2) 0.43(2) 0.18(3) 0.15(2)
H(114)  —0.12%0) —0.137(0) 0.421(0) 7.5(0) C(5B) 2.84(2) 3.26(2) 3.753) 0.46(3) —0.10(2) -0.193)
H115)  —0.172(0) —0.092(0) 0.359(0) 7.5(0) C(6B) 2.58(3) 3.42(3) 3.92(3) 0.28(_2) -05 7(_2) 0.99(2)
H(116)  —0.09%(0) —0.029(0) 0.319(0) 7.5(0) C(71)  2.56(3) 3.50(4) 441(3) —041(2) 025(2) —0.85(2)
H(122) 0.157(0) 0.136(0) 0.331(0)  7.5(0) C(72) 8.60(5) 6.81(5) 7.20(4) —1.4%4) —3.604) 0.95(3)
H(123) 0.147(0) 0.234(0) 0.362(0) 7.5(0) C(73) 12.34(6) 13.91(6) 6.24(4) —4.37(6) —5.154)  2.66(5)
H(124) 0.037(0) 0.271(0) 0.385(0) 7.5(0) C(74)  4.42(4) 11.63(6) 7.32(4) —231(4) —0.67(3) —4.06(4)
H(125) —0.062(0) 0.207(0) 0.380(0) 7.5(0) C(75)  7.02(4) 7.944) 7.07(4) —24%4) —0.52(4) —1.66(4)

HQ126)  —0.053(0) 0.108(0) 0.352(0) 7.5(0) C(76) 5.92(4) 5.52(4) 6.87(4) —1.043) —1.783) -—1.04(3)
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TABLE 4. (continued)

Atom By By, By By, B3 B

C(81)  1.42(2) 3.15(3) 4.07(3) 0.002) —0.68(2) 0.13(2)
C(82) 3.17(3) 456(3) 4.65(3) —0.19%3) 0.40(3) 0.80(3)
C(83) 461(3) 496(3) 4.83(3) —1.27(3) -0.83(3) 1.89(3)
C(84) 427(3) 4.30(3) 6.98(4) —1.67(3) —231(3) 1.63(3)
C(85) 3453 4.17(3) 6.17(4) 0.01(3) -1.52(3) -0.29(3)
C(86) 2.61(3) 3.24(3) 4.37(4) —023(2) -1.033) 0262
COD 2522 3133) 354(3) 0882 -0.132) 04202
C(92) 3.65(3) 3.00(3) 4.893) 0.08(3) 0.403) -0.65(2)
C(93) 298(3) 435(3) 6424) 0.65(3) 1.06(3) —1.00(3)
C(94) 438(3) 3.88(3) 9.63(5) 1.84(3) 037(4) 0.44(3)
C(95) 490(3) 351(3) 7.144) 046(3) —032(3) 1.6%3)
C96) 4.693) 3.96(3) 4.693) 1.15(3) 0.15(3) 0.38(2)
C(101)  290(3) 3.36(3) 2.13(3) 03712 037(2) 0.66(2)
C(102) 230(3) 5.25(3) 3.943) —0.47(3) -0.21Q2) 0.87(3)
C(103) 3.52(3) 356(3) 5.80(3) —0.26(3) —0.53(3) 0.85(3)
C(104) 3.80(3) 4.20(3) 7.03(4) —12%3) 1.043) 0.2503)
C(105) 247(3) 5.02(3) 9.37(5) —0.08(3) -1.23(3) 0.06(3)
C(106) 2.74(3) 3.43(3) 7.5%4) —-0.01(2) 0.06(3) 0.36(3)
C(111) 2.81(3) 3.61(3) 3.48(33) -05722) 0502) 0.66(2)
C(112) 5.83(4) 14.14(7) 6.46(4) —3.544) —0.294) 6.4%4)
C(113) 11.21(7) 17.6%(8) 7.60(5) —2.43(6) —0.65(5) 9.11(5)
Q(114) 649%(4) 8.94(5) B8.00(5) —2.08(4) 2.62(4) 3.42(4)
C(115) 4.05(4) 12.05(6) 11.2%6) —231(4) 0.36(4)  5.14(5)
Q(116) 4.5%4) 12.04(6) 9.00(5) —1.90(4) —038(4) 6.454)
C(121) 4.07(3) 236(3) 3.05(3) —0.24(2) -0.06(2) —0.36(2)
C(122) 4.80(4) 4.24(3) 4.33(3) —0.48(3) 0.82(2) —0.25(3)
C(123) 5.25(4) 4.74(3) 6.36(4) —1.423) —021(3) -1.4203)
C(124) 7.68(5) 3.87(3) 7.374) 0.24(3) 1.17(4) —1.55(3)
C(125) 6.04(4) 5.14(4) 8.095) 1.043) 2.834) -1.77(3)
C(126) 4.46(3) 4.05(3) 5.354) —0933) 1.56(3) —0.81(3)

2 The temperature factor is of the form T = exp|— (B h2** +
By k#*2 + By3l2*2 + 2B, hka*b* +2Bykib*c* +2 B shla*c)l.

to convergence led to R=0.036 and R, = 0.029. Neu-
tral atomic scattering factors were taken from the
International Tables for X-ray Crystallography [10].

3. Discussion

A view of the Mo(COXPhC=CPh), showing the
atom-numbering scheme, for two crystallographically
independent molecules A and B determined in the
asymmetric unit is given in Fig. 1. Final atomic param-
eters are collected in Table 2 and the H-atom coordi-
nates are given in Table 3. In Table 4 are gathered the
anisotropic thermal parameters. Selected interatomic
distances and angles are listed in Tables 5 and 6. The
geometry of the molecule, shown in Fig. 2, is essentially
of C,, symmetry (exclusive of the phenyl groups which
are of course free to rotate). The coordination around
the molybdenum atom may be described as the capped
trigonal prism with the capping position in the base
and three bidentate alkyne ligands. The presence of a
CO group as the capping ligand in the taper of trigonal
prism leads to the repulsion of the nearest three acety-

lene carbon atoms away from the carbonyl group. These
acetylene carbon atoms C(1), C(3) and C(5) form an
almost equilateral triangle of an average length 3.596(7)
A while C(2), O(4) and C(6) define a considerably
smaller triangle of an average dimension 3.080(7) A
(Fig. 2). The acetylene carbon atoms define two paral-
lel planes. The angles between the normal to the plane
are 0.25° and 0.60° for Mo(1) and Mo(2) molecules
respectively. Molybdenum is lifted from its central po-
sition between two parallel planes towards the CO
group (Table 7). The phenyl-carbon-defining planes
are bent and twisted from the acetylene carbon plane
to various degrees.

The geometry of the coordinated diphenylacetylene
molecules is normal for an acetylene complex [11] the
C(ac)-C(ac) bond length increased to 1. 321(8) A rela-
tive to the value of 1.21 A for that in diphenylacetylene
itself [12] and the bond angles at the acetylene carbon
atoms are decreased to 150.8(8) (Mo(1)) and 147.0(5)°
(Mo(2)) so that the diphenylacetylene molecules ac-
quire a cis-stilbene conﬁguration

The average Con n distance in the phenyl rings is
1.367(8) A with an average Con—Con—C,p angle of
120.0(6)°. The Mo(1)-C(1) and C(l) O(l) distances
assoc1ated with the carbonyl group are 2.086(5) A and
1.107(7) A respectively but the Mo(2)-C(2) and C(2)-
O(2) distances are 2.066(5) and 1.104(6) A respectively.
These small differences in the atomic distances lead to
the splitting band assigned to the C=O stretching vibra-
tion observed in the IR spectra of the investigated

TABLE 5. Selected bond distances (A) and angles (°) with estimated
standard deviations in parentheses

Bond distances

Mo(1)-C(1) 2.086(5) Mo(2)-C(3B) 2.093(5)
Mo(2)-C(2) 2.066(5) Mo(2)-C(5B) 2.079(5)
(-0 1.107(7) Mo(2)-C(2B) 2.085(5)
C(2)-0(2) 1.104(6) Mo(2)-C(4B) 2.075(5)
Mo(1)-C(1A) 2.097(5) Mo(2)-C(6B) 2.083(5)
Mo(1)-C(3A) 2.084(5) C(1A)-CQA) 1.333(8)
Mo(1)-C(5A) 2.085(5) C(3A)-C(4A) 1.317(8)
Mo(1)-C(2A) 2.060(5) C(5A)-C(6A) 1.304(7)
Mo(1)-C(4A) 2.071(5) C(1B)-C(2B) 1.315(7)
M(1)-C(6A) 2.08%(5) C(3B)-C(4B) 1.306(7)
Mo(2)-C(1B) 2.080(5) C(5B)-C(6B) 1.297(7)
Bond angles

C(1)-Mo(1)-(1A) 82.92)
C(D)-Mo(1)-C(3A)  83.5(2)
C(1)-Mo(1)-C(5A)  87.4Q2)
C(1)-Mo(2)-C(1B) 90.6(2)
C(1)-Mo(2)-C(3B) 82.4(2)
C(1)-Mo(2)-C(5B) 80.7(2)
O(1)-C(D)-Mo(1) 176.2(5)
0(2)-C(2)-Mo(2) 178.6(5)
CAA)-Mo(1)-C2A)  37.4(2)

C(3A)-Mo(1)-C(4A)  37.00)
C(5A)-Mo(1)-C(6A)  36.4(2)
C(1B)-Mo(2)-C(2B)  36.7(2)
C(3B)-Mo(2)-C(4B)  36.5(2)
C(5A)-Mo(2)-C(6A)  36.3(2)
C(1A)-Mo(1)-C(3A) 119.6(2)
C(1A)-Mo(1)-C(5A) 113.3(2)
C(1B)-Mo(2)-C(3B) 123.6(2)
C(1B)-Mo(2)-C(5B) 116.9(2)
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TABLE 6. Bond distances (A) and angles (°) with estimated standard deviations in parentheses

n=1 n=2 n=3 n=4 n=35 n=6
Bond lengths
Mo(1)-C(n) 2.086(5)
Mo(2)-C(n) 2.066(5)
C(n)-0O(n) 1.107(D 1.104(6)
Mo(1)-C(nA) 2.097(5) 2.060(5) 2.084(5) 2.071(5) 2.085(5) 2.08%(5)
Mo(2)-C(nB) 2.080(5) 2.085(5) 2.093(5) 2.075(5) 2.079(5) 2.083(5)
C(1A)-C(nA) 1.333(8)
C(A)-C(nA) 1.317%(8)
C(5A)-C(nA) 1.304(7)
(1B)-C(nB) 1.315(7)
C(3B)-C(nB) 1.306(7)
C(5B)-C(nB) 1.297(7)
C(nA)-C(n1) 1.44K7) 1.455(7) 1.478(7) 1.456(7) 1.478(7) 1.436(7)
C(nB)-C((n + 6)1) 1.466(7) 1.451(7) 1.444(7) 1.444(7) 1.493(7) 1.456(7)
C(1n)-C(1(n + 1)) 1.373(8) 1.363(8) 1.333(10) 1.386(10) 1.41909) 1.374(8)
C(2n)-CQ2(n +1)) 1.357(8) 1.371(8) 1.350(9) 1.334(9) 1.387(9) 1.343(8)
CBn)-C(3(n + 1) 1.392(7) 1.371(8) 1.36%9) 1.379(9) 1.372(9) 1.382(8)
C@dn)-C@(n + 1)) 1.378(8) 1.360(8) 1.340(10) 1.363(10) 1.377(9) 1.378(8)
C(5n)-CGB(n + 1)) 1.362(8) 1.393(9) 1.368(10) 1.35%9) 1.379(9) 1.357(8)
C(6n)-C(6(n + 1)) 1.373(8) 1.369%(9) 1.331(10) 1.374(9) 1.388(9) 1.366(8)
C(7n)-C(7(n + 1)) 1.371(8) 1.379(10) 1.330(1D 1.33%(10) 1.379%(9) 1.342(8)
C(8n)-C(8(r + 1)) 1.404(7) 1.38%(8) 1.346(8) 1.374(8) 1.390(7) 1.36%(7)
C(9n)-C(¥n + 1)) 1.389(7) 1.361(7) 1.354(8) 1.351(9) 1.386(8) 1.385(7)
C(10n)-CA0(xr + 1)) 1.399(7) 1.386(7) 1.377(7) 1.364(8) 1.384(8) 1.373(7)
C(11m)-C11(n + 1)) 1.322(9) 1.376(11) 1.324(11) 1.314(10) 1.376(10) 1.315(8)
C(127)-C(12(n + 1)) 1.331(8) 1.382(8) 1.367(9) 1.358(9) 1.371(8) 1.378(8)
Bond angles
C(1)-Mo(1)-C(nA) 82.9(2) 119.6(2) 83.5(2) 120.4(2) 87.4(2) 123.5(2)
C(2)-Mo(2)-C(nB) 90.6(2) 127.3(2) 82.4(2) 118.8(2) 80.7(2) 117.0(2)
C(AA)-Mo(1)-C(nA) 37.42) 119.6(2) 121.7(2) 113.3(2) 117.6(2)
C(2A)-Mo(1)-C(nA) 113.7(2) 94.1(2) 118.3(2) 98.8(2)
C(3A)-Mo(1)-C(nA) 37.002) 124.4(2) 118.9(2)
C(4A)-Mo(1)-C(nA) 119.8(2) 122.7(2)
C(5A)-Mo(1)-C(nA) 36.4(2)
C(1B)-Mo(2)-C(nB) 36.7(2) 123.6(2) 116.1(2) 116.%2) 115.3(2)
C(2B)-Mo(2)-C(nB) 121.5(2) 93.7(2) 116.9%2) 93.7(2)
C(3B)-Mo(2)-C(nB) 36.5(2) 116.9(2) 117.6(2)
C(4B)-Mo(2)-C(nB) 122.7(2) 100.3(2)
C(5B)-Mo(2)-C(nB) 36.3(2)
O(n)-C(n)-Moln) 176.2(5) 178.6(5)
Mo(1)-C(nA)-C((n + DA) 69.8(3) 71.03) 72.03)
Mo(1)-C(nA)-C((n — 1)A) 72.8(3) 72.03) 71.6(3)
Mo(2)-C(nB)-C((n + 1)B) 71.8(3) 71.0(3) 72.03)
Mo(2)-C(nB)-C((n — 1)B) 71.4(3) 72.5(3) 71.7(3)
Mo(1)-C(nA)-C((n1)) 148.5(4) 152.8(4) 144.5(4) 158.5(4) 151.2(4) 149.4(4)
Mo(2)-C(nB)-C{(n + 6)1) 146.8(4) 150.0(4) 144.5(4) 148.7(4) 143.5(4) 147.6(4)
C(n1)-C(nA)-C((n + 1DA) 141.7(5) 144.4(5) 136.8(5)
C(n1)-C(nA)-C(n — 1DA) 134.3(5) 137.3(5) 139.0(5)
C((n + 6)1)-C(nB)-C((n + 1)B) 141.2(5) 143.6(5) 144.5(5)
C((n + 6)1)-C(nB)-C((n — 1)B) 138.5(5) 138.3(5) 140.2(5)
C(n2)-C(nD-C(nA) 119.1(5) 122.8(5) 120.2(5) 121.5(5) 120.3(5) 121.7(5)
C(n6)-C(n)-C(nA) 122.3(5) 121.6(5) 121.1(5) 122.2(5) 121.8(5) 121.1(5)
C(n2)-C(n1)-C(n6) 118.7(5) 115.5(5) 118.7(5) 116.3(5) 117.9(5) 117.2(5)
C(n3)-C(n2)-C(n1) 122.2(6) 123.9%(6) 120.2(5) 121.8(5) 121.2(6) 122.0(6)
C(n4)-C(n3)-C(n2) 120.3(6) 119.0(6) 120.7(6) 121.0(6) 119.4(6) 119.5(6)
C(n5)-C(n4)-C(n3) 120.5(6) 118.8(7) 119.5(6) 119.6(6) 119.9(6) 121.5(6)
C(n6)-C(n5)-C(nd) 119.3(6) 121.1(D 120.3(6) 119.7(6) 119.3(6) 117.%(6)
C(n1)-C(n6)-C(n5) 119.2(5) 121.7(7) 120.6(5) 121.7(6) 122.3(6) 121.7(6)
C((n + 6)2)-C((n + 6)1)-C(nB) 119.4(5) 121.4(5) 121.2(4) 120.4(4) 122.5(5) 121.1(5)
C((n + 6)6)-C((n + 6)1)-C(nB) 123.8(5) 120.4(4) 121.5(5) 122.0(4) 121.4(5) 119.3(5)
C(n + 6)2)-C((n + 6)1)-C((n + 6)6) 116.7(5) 118.2(5) 117.3(5) 117.5(5) 116.1(6) 119.6(5)
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TABLE 6. (continued)

n=1 n=2 n=3 n=4 n=S5 n==6
C(n + 6)3)-C(n + 6)2)-C(n + 6)1) 119.%6) 119.9(5) 121.2(5) 121.5(5) 119.9(7) 119.4(5)
Cl(n + 6)4)-C((n + 6)3)-C(n + 6)2) 122.2(D 121.1(5) 121.0(5) 119.5(5) 123.6(8) 121.1(6)
Cn + 6)5)-C(n + 6)4)-C(n + 6)3) 118.5(4) 119.7(5) 119.3(6) 118.7(5) 116.2(7) 118.8(6)
C(n + 6)6)-C(n + 6)5)-C((n + 6)4) 120.0(6) 120.4(5) 121.1(5) 122.3(5) 120.0(7 121.3(6)
C(n + 6)1)-C((n + 6)6)-C((n + 6)5) 122.7(6) 120.8(5) 120.1(5) 120.3(5) 124.1(7) 119.7(5)

compound in crystalline form. In solution, Mo(CO)
(PhC=CPh), exhibits only one strong IR absorption
band attributed to the carbon monoxide ligand. Weak

TABLE 7. Coefficients in equations of the type AX + BY + CZ+ D
=0 for ghe least-squares planes and deviations of atoms from these
planes (A) with estimated standard deviations in parentheses *

Plane Atoms Other Deviation A4 B C D
defining atom A
plane

1 Cc(1A)
C(3A)
C(5A)

I CRA)
C(4A)
C(6A)

III C(1B)
C(3B)
C(5B)

IV C(2B)
C(4B)
C(6B)

2 The angles between the normals to the planes are as follows: plane
I-plane II, 0.25°% plane IlI-plane IV, 0.60°.

Mo(1) —-0.197(1) 0.257 0966 —0.043  6.252

Mo(1) 1.074(1) 0261 0965 0.042 4.992

Mo(2) —0.194(5) —-0.297 —0.951 —0.087 —1.068

Mo(2). 1.069(5) —0.306 —0.948 —0.091 —2.386

and rather broad absorption at 1680 cm ™! is due to the
C=C stretching vibration of the coordinated acetylene
groups (Fig. 3).

In 3C NMR spectra of Mo(COXPhC=CPh); a dou-
ble acetylene carbon resonance is observed at 190.0
and 170.4 ppm downfield from Me,Si. It is consistent
with a structure which establishes the existence of
asymmetric acetylene molybdenum bond about the
midpoint of the alkyne. This result suggests that a
seven-coordinate description of the complex in which
each acetylene carbon atom is considered to occupy a
separate coordination position is perhaps preferable to
the alternative tetrahedral model where the alkyne
occupies a single site (Fig. 2). The values of §(C=C) for
Mo(COXPhC=CPh), are almost as low as those exhib-
ited by Mo!" alkyne derivatives in which the alkynes
can formally be considered as three-electron donors
[13]. This is also in a very good agreement with King’s
[14] description of the bonding scheme applicable to
W(COXPhC=CPh), complex in which a total alkyne
donation of ten electrons formally corresponds to 33
electrons per unsaturated ligand.

Structural properties of the title compound are close
to those for the tungsten analogue investigated earlier

¥

20 18 16 1 12 10

8 4 x00cm-!

Fig. 3. IR spectra in the 2200-400 cm ™! region for Mo(COXPhC=CPh); in KBr pellets.
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by Laine et al. [4] with a W-C,, distance of 2.06 A, a
C..—C, distance of 1.30 A, a C,~C,, distance of 1.46
A, a C,~W-C,. angle of 36.4° and a W-C,-C,
angle of 148.7°. The geometry of the coordinated
diphenylacetylene molecules, interatomic distances and
angles are very similar to those found in the monomeric
molybdenum(IT) alkyne complexes such as [(CsHs),
Mo(PhC=CPh)] and [MoTTP(PhC=CPh)IC(H,CH,
[15], but Mo(COXPhC=CPh),; which we investigated is
an unique example of an alkyne complex with molybde-
num in the zero oxidation state.

References

1 A. Mortreux, J.C. Delgrange, M. Blanchard and B. Lubochinsky,
J. Mol. Catal., 2 (1972) 73.

2 T. Masuda and T. Higashimura, 4dv. Polym. Sci., 81 (1987) 126.

3 J.AK. DuPlessis and H.C.M. Vosloo, J. Mol. Catal., 65 (1991) 51.

4 R.M. Laine, R.E. Moriarty and R. Bau, J. Am. Chem. Soc., 94
(1972) 1402.

5 J.A. Potenza, R.J. Johnson, R. Chirico and A. Efraty, Inorg.
Chem., 16 (1977) 2354.

6 T. Szymanska-Buzar, J. Mol Catal., 48 (1988) 43.

7 W. Strohmeier and D. Hobe, Z. Naturforsch., 19b (1964) 959.

8 G.M. Sheldrick, sHELxs-86 Program for the Solution of Crystal
Structures, University of Gottingen, 1986.

9 sYNTEX XTL / XTLE Structure Determination System, Syntex Analyt-
ical Instruments, Cuppertino, California, 1976.

10 International Tables for X-ray Crystallography, Vol. 4, Kynoch,
Birmingham, 1974.

11 S. Otsuka and A. Nakamura, Adv. Organomet. Chem., 14 (1976)
245. :

12 L. Pauling, The Nature of the Chemical Bond, 3rd edn., Cornell
University Press, Ithaca, NY, 1960, p. 230.

13 J.L. Templeton and B.C. Ward, J. Am. Chem. Soc., 102 (1980)
3288.

14 R.B. King, Inorg. Chem., 7 (1968) 1044,

15 A. De Cian, J. Colin, M. Schappacher, L. Ricard and R. Weiss, J.
Am. Chem. Soc., 103 (1981) 1850,



